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Abstract

Background: Periprosthetic joint infection (PJI) is a severe complication following knee arthroplasty. Therapeutic
strategies comprise a combination of surgical and antibiotic treatment modalities and aim to eradicate the infec-
tion. Sometimes control of the disease can only be attained by above-knee amputation (AKA). While a vast amount
of literature exists illuminating predisposing factors for PJI, risk factors favoring the endpoint AKA in this context are
sparsely known.

Methods: The purpose of this investigation was to delineate whether patients with PJI of the knee present specific
risk factors for AKA. In a retrospective case-control study 11 cases of Pl treated with AKA were compared to 57 cases
treated with limb salvage (LS). The minimum follow-up was 2 years. Comorbidities, signs and symptoms of the cur-
rent infection, factors related to previous surgeries and the implant, microbiology, as well as therapy related factors
were recorded. Comparative analysis was performed using student’s t-test, chi-square test or Fisher’s exact test. Binary
differences were calculated using odds ratio (OR). Reoperation frequency was compared using Mann-Whitney U test.
In-depth descriptive analysis of 11 amputees was carried out.

Results: A total of 68 cases aged 71+ 11.2years were examined, 11 of which underwent AKA and 57 had LS. Severe
comorbidities (p=0.009), alcohol abuse (p=0.015), and preoperative anemia (p =0.022) were more frequently associ-
ated with AKA. Preoperative anemia was found in all 11 amputees (100%) and in 33 of 57 LS patients (58%) with an
average preoperative hemoglobin of 99.9 4 15.1 g/dl compared to 118.2+19.9g/dl (p =0.011). No other parameters
differed significantly. AKA patients underwent a median of eight (range 2-24) reoperations, LS patients a median of
five (range 2-15).

Conclusion: Factors potentially influencing the outcome of knee PJI are diverse. The indication of AKA in this context
remains a rarity and a case-by-case decision. Patient-intrinsic systemic factors such as alcohol abuse, severe comor-
bidities and preoperative anemia may elevate the individual risk for AKA in the setting of PJI. We recommend that
anemia, being a condition well amenable to therapeutic measures, should be given special consideration in manage-
ment of PJI patients.

Trial registration: This study was registered with Kantonale Ethikkommission Zurich, (BASEC-No. 2016-01048).
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Introduction

Periprosthetic joint infection (PJI) is a rare but severe
complication following knee arthroplasty with an over-
all incidence of approximately 1-2% [1-3]. It is one of
the most common indications for revision surgery [4, 5].
Therapeutic strategies comprise a combination of surgi-
cal and antibiotic treatment modalities and aim to eradi-
cate the infection while salvaging life and limb. Surgically,
there are essentially two different methods to employ:
(1.) irrigation, debridement and implant retention with
exchange of the polyethylene liner (often referred to as
DAIR (debridement, antibiotics and implant retention)),
(2.) (staged) exchange arthroplasty, each complemented
by targeted antibiotic therapy. The choice of strategy is
subject to several decisive factors including timing, host
profile, and causative microorganism. At our institution,
the first option is employed as standard of care in cases
of early postoperative or acute hematogenous infec-
tion without signs of implant loosening (within 30days
of prosthesis implantation or duration of symptoms
< 3weeks) [6—8]. However, failure rates of treatment with
implant retention are reported to be high. Careful patient
selection should be emphasized [9, 10]. As to exchange
arthroplasty for treatment of delayed or chronic PJI
(beyond 30days of prosthesis implantation or duration
of symptoms >3 weeks), the choice between single-stage
and two-stage procedures is currently controversially dis-
cussed [11]. While the former is now viewed as a “rea-
sonable option for the treatment of PJI in circumstances
where effective antibiotics are available” [8], we have
up to this point been favoring the latter as the standard
treatment in this context with a reported success rate of
92.5% according to a 2019 by Pangaud et al. [12].

In certain patients, however, the above-mentioned
treatment strategies fail. Some of these patients qual-
ify for knee arthrodesis, while in others, control of the
disease can only be attained by above-knee amputa-
tion (AKA). At our institution we recently observed an
increased rate of AKA for treatment of knee PJI, draw-
ing focus to the subject. On inspection we found that 11
out of 129 cases underwent AKA — thus 8.5% - during an
observation period of 11 years. For comparison, based on
data retrieved from the U.S. Medicare Inpatient Claims
Database, a 2017 survey by Son et al. that included 44,466
cases of PJI of the knee documented between 2004
and 2015, reported as many as 4% of patients having to
undergo AKA in this context, and even a 7% risk for AKA
at 10years from diagnosis of PJI [13]. The implications of

the procedure are grave. Functional outcome is generally
poor [14, 15], while postoperative mortality is reported to
be high, ranging from 50 to 60% at 1 year postoperatively
[16, 17]. Those who survive often forfeit their independ-
ence and are henceforth reliant on assistance [14, 18].

There is a vast amount of literature regarding the sub-
ject of PJI, specifically as to predisposing factors that may
increase a patient’s risk for developing this devastating
complication [3, 19]. As such, a series of comorbid condi-
tions as well as some therapy related factors are known.
In which of the affected patients, however, do we fail to
preserve the limb while treating the PJI? Previously con-
ducted studies looking at PJI treatment failure were able
to identify the presence of certain causative bacteria such
as S. aureus [20] and Enterococci [21] to be associated
with poor outcomes. Obesity, liver cirrhosis, gram-neg-
ative organism, and the presence of sinus tract have been
found to be risk factors for failure after hip reimplanta-
tion arthroplasty [22] .

Failure of treatment of PJI of the knee may ultimately
end up in AKA. Within this investigation we aimed to
delineate whether or not patients who undergo AKA for
treatment of PJI of the knee present specific risk factors,
either patient related or associated to our treatment. Are
there factors that — once identified — would be either
amenable to treatment or that would otherwise influ-
ence medical decision-making and action? In addition
to answering these study questions, we carried out an in-
depth descriptive evaluation of the 11 amputees.

Methods

Patient selection

This study was carried out in a university hospital pro-
viding subspecialized orthopedic tertiary care. A search
inquiry of the institutional database using the appropri-
ate search terms (knee AND septic arthritis/prosthetic
joint infection) identified a total of 129 cases who had
undergone surgical treatment of knee PJI between 2005
and 2015, thereof 11 with AKA and 118 with limb sal-
vage (LS). As seamless documentation was considered
crucial, completeness of patient records was first veri-
fied. In this process it was noted that earlier years’ digi-
tal patient records were in part incomplete.. While all 11
AKA cases were well documented, the same was not the
case for all LS patients. Therefore, in order to form a rep-
resentative control group, we selected the 66 most recent
LS cases, consecutively. Further processing led to the
exclusion of nine more cases due to incomplete medical
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records, ultimately leaving 57 LS fully documented cases
for evaluation. Subsequently, by means of a retrospec-
tive case-control study, 11 cases of PJI needing AKA were
compared to 57 cases of PJI with LS.

Data acquisition

The minimum follow-up was 2 years, with the first sep-
tic revision surgery being defined as point zero. All clini-
cal and laboratory parameters presented were obtained
preoperatively to this first surgery, on hospitalization for
treatment of PJI, respectively. Patients’ informed consent
and the approval of the responsible ethics committee
(Kantonale Ethikkommission Ziirich, BASEC-No. 2016—
01048) were obtained.

The presence of PJI was established by applying the def-
inition of the International Consensus Group from 2013,
thus by confirming the presence of one of two major cri-
teria (two positive periprosthetic cultures with phenotyp-
ically identical organisms or a sinus tract communicating
with the joint) or by presence of four minor criteria ((1.)
elevated serum C-reactive protein (CRP) and erythro-
cyte sedimentation rate (ESR), (2.) elevated synovial fluid
white blood cell (WBC) count, (3.) elevated synovial fluid
polymorphonuclear neutrophil percentage (PMN%), (4.)
a single positive culture) [23].

Data acquisition included (1.) demographics and
comorbidities represented by the American Society of
Anesthesiologists (ASA) classification system [24] and
the Charlson comorbidity score [25], (2.) disease related
factors including pre- and perioperative clinical and labo-
ratory parameters, the acuity of the symptomatology as
well as microbiological aspects, (3.) factors related to pre-
vious surgeries and the implant, and, (4.) therapy related
factors such as revision strategy, number of surgeries,
and details of antibiotic treatment. Surgeries involving
the removal, and/or replacement of prosthetic compo-
nents/cement spacers, as well as temporary or definite
arthrodesis were defined as major revisions. All other
surgeries, usually washouts addressing only the skin and
subcutaneous layer, were defined as minor reoperations.

Statistical analysis

Subsequently, subgroup analysis was performed. Results
of patients with AKA were compared to those of patients
with LS. Furthermore, in-depth descriptive analysis of
the 11 amputees was carried out.

Descriptive statistics were used to outline patient
demographics and characteristics. Continuous vari-
ables are presented as mean with standard deviation for
normal distribution, and as median with range for non-
normal distribution. Normal distribution was tested
using Kolmogorow-Smirnov test with Lilliefors adap-
tion. Categorical variables are presented by frequency.
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Differences between groups were tested with student’s
t-test, chi-square test or Fisher’s exact test, as applica-
ble. Binary differences were calculated using odds ratio
(OR). Revision and reoperation frequency was com-
pared using Mann-Whitney U test. P<0.05 was consid-
ered statistically significant.

Results

During an 11-year observation period a total of 129
cases of PJI of the knee were surgically treated at our
institution, 11 of which received AKA, hence 8.5%. All
11 amputation cases as well as a representative cohort
of 57 limb salvage cases were included in this study.
Among the latter, seven lower limbs were salvaged
by knee arthrodesis, the others by (staged) revision
arthroplasty.

Results are presented for the total of examinees with
subgroup results added where statistical significance
is present. A comprehensive summary of all outcome
parameters is illustrated in Table 1. Additional com-
parative subgroup analysis of ASA scores is presented in
Table 2. Detailed bacteriological results are displayed in
Table 3. Revision and reoperation frequencies are com-
pared in Table 4.

Demographics

Regarding patient demographics the following results
were found: Thirty-seven were women and 31 men, with
a mean age of 71£11.2 at the time of the index surgery.
The mean BMI was 30.6+8.2kg/m>% Sixteen patients
(24%) were smokers; smoking tended to be more fre-
quent in the AKA group (5 (45%) vs. 11 (19%); p=0.061).
Three patients (4%) suffered from alcohol abuse, in two of
which limb salvage failed, associating alcohol abuse with
AKA (2 (18%) vs. 1 (2%); p=0.015).

Concerning comorbidities as measured by ASA grad-
ing we surgically treated 27 (40%) with ASA 2, 36 (53%)
with ASA 3, and 5 (7%) with ASA 4. Comparative sub-
group analysis, as presented in Table 2, found one AKA
case (9%) and 26 LS cases (46%) to be classed as ASA 2,
and ten AKA cases (91%) and 26 LS cases (46%) to be
classed as ASA 3. Five LS cases (9%) were classed ASA
4. The OR for ASA 3 patients versus the remainder of
patients was 11.92 for AKA versus LS. Fisher’s exact test
showed that ASA 3 patients have a significantly higher
risk for AKA than ASA 2 patients (p=0.0174). Pearson’s
chi-squared test confirmed the severity of comorbidi-
ties based on ASA scoring to be higher in the group with
AKA (p=0.009). No statistic difference was found when
using the Charlson comorbidity score for assessment of
severity of comorbidities.
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Table 1 Comprehensive summery of all outcome parameters with subgroup analysis AKA versus LS
all patients (n =68) AKA (n=11) LS (n=57) P
n (%) mean + n (%) mean + n (%) mean +
DEMOGRAPHICS
Gender
Female 37 (54) 6 (56) 31 (54) 0.992
Male 31 (46) 5(45) 26 (46)
Patient age at index surgery 71.0£112 6744143 71.7 £105 0.249
BMI (kg/m?) 306 +£82 2954+ 115 308475 0.619
Smoker 16 (24) 5 (45) 11 (19) 0.061
Alcohol abuse 34 2(18) 1(2) 0.015
ASA
1 0(0) 0(0) 0(0) 0.009
2 27 (40) 109) 26 (46)
3 36 (53) 10 (91) 26 (46)
4 5(7) 0(0) 509
Charlson Score >3 13 (19) 4 (36) 9(16) 0.112
DISEASE RELATED FACTORS
Type of infection
Acute/early 47 (69) 9(82) 38 (67) 0439
Chronic/delayed 18 (26) 2(18) 16 (28)
Unknown 3(4) 0(0) 30
Joint fistula present 11(16) 1(9) 10(18) 0.486
Anemia® 44 (65) 11 (100) 33(58) 0.022
Hemoglobin (g/dl) 115+ 21 98 £ 15 118 £ 20 0.011
CRP (mg/I) 130£113 119£106 132 £115 0.736
WBC (n x 10°/1) 10+4 9+3 1M£5 0.355
Positive blood cultures 18 (26) 4(36) 12(21) 0.273
Joint aspirate: leucocyte cell count (n/mm3)° 32,920 £ 33,028 68,030 £ 11,652 21,230 £ 16,329 0404
Microbiology:
Monomicrobial 41 (60) 7 (64) 34 (60) 0.976
Polymicrobial 19 (28) 4(36) 15 (26) 0497
Culture negative 6(9) 0(0) 6(11) 0.260
Incomplete records 2(3) 0(0) 2(4)
Resistance pattern
Pansensitive 35(51) 4 (36) 31 (54) 0.148
Resistances present 10 (15) 109 20 (35)
Multiresistent 23 (34) 6 (56) 17 (30)
IMPLANT/PREVIOUS SURGERY RELATED FACTORS
Knee surgery prior to KA 17 (25) 3(27) 14 (25) 0.849
Patient age at KA implantation 672113 63.6 £15.2 679 £ 105 0.249
Primary implantation elsewhere 15(22) 3(27) 12(21) 0.649
Type of implant
Unicompartimental (1) 0(0) 12 0.658
PS/CR 53(78) 7 (64) 46 (81) 0211
Hinged 11 (16) 3(27) 8(14) 0.275
Megaprosthesis 3(4) 109 2(4) 0409
Revision prosthesis 14(271) 3(27) 11(19) 0.549
TREATMENT RELATED FACTORS
Previous intervention elsewhere 22 (32) 5(45) 17 (30) 0310
Blood transfusion 23 (34) 6 (56) 17 (30) 0122
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Table 1 (continued)
2The world health organization identifies anemia as hemoglobin thresholds of 12.0 g/dl for non-pregnant women and 13.0 g/dl for men
b Joint aspiration was carried out in 62 cases
Table 2 Analysis of ASA scores
AKA (n=11) LS (n =57) prevalence of AKA 0Odds ratio (OR) p
n (%) n (%) (%) ASA2vs. 3
(Fisher’s exact
test)
ASA
109 26 (46) 3.70 0.12 0.0174
3 10 (91) 26 (46) 27.78 11.92
0(0) 50) 0 0
Table 3 Bacteriological analysis (5%) duration or time of appearance of symptoms was
all AKA(—11) LS(n—s7) Dot known. No association between timing of disease
patients and choice of index procedure was observed. In 11 cases
(n=68) (16%) a joint fistula was present. Preoperative anemia
n (%) n (%) n (%) [26] with hemoglobin levels lower than 120g/l in women,
Monomicrobial 41(60) 7 (64) 34 (60 and lower than 130g/l in men, respectively, was found
S aureus 13019 ©) 1201 in 44 cases (65%) and was significantly more often asso-
. ciated with AKA than with LS (11 (100%) vs. 33 (58%);
Coagulase negative staphylo- 16 (24) 2(18) 14 (25 . X .
cocdi p=0.022) with an average preoperative hemoglobin
Streptococcus species 4(6) 2(18) 2@ level of 99.9+15.1g/dl in the AKA group, compared to
Enterobacteriaceae 118.24+19.9¢g/dl in the LS group (p=0.011). No other

E coli 3 () 0(0) 3(5) blood parameter differed significantly. Preoperative

E cloacae 101 0(0) 10) joint aspiration rendered a mean leucocyte cell count of
Anaerobic bacteria 32,920+33,028/mm?® with granulocytes being the pre-

C acnes 1) 000 12) dominant cell type in all aspirates.

Corynebacterium striatum 1 (1) 109 00) Bacteriological testing revealed 41 mono- and 19 pol-
Francisella tularensis 1) 0(0) 1) ymicrobial infections (60, 28% respectively). Six PJI
Candida albicans 1) 10) 000 (9%) were culture negative. In two cases records were
Polymicrobial 1908 4(36) 15 26) incomplete. The most commonly isolated germs were
Culture negative 6(9) 00) 6(11) staphylococci (14'S. aureus, 17 coagulase-negative Staph-
Incomplete records 203) 00) 24 ylococci (CNS)). Other types of causative bacteria were

Table 4 Revision and reoperation frequencies, AKA versus LS

Streptococci, Enterobacteriaceae such as E. coli and
E. cloacae, and anaerobic bacteria such as C. acnes and

AKA (n=11) LS (n=57) P
Median Min Max Median Min Max
Surgeries (total) 8 2 24 5 2 15 0.194
Minor reoperation 4 1 12 2 1 0.061
Major revision 4 1 13 3 1 0.380

Disease related factors
Forty-seven cases (69%) suffered of an acute/early, 18
(26%) had a chronic/delayed infection. In three cases

Corynebacteria. One patient presented with a PJI caused
by Francisella tularensis, another with a fungal infection
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TKA
31 months
(1,5months —
L 13years)
Y
PJI*
73 months
(2,5 months - 13 years)
v
Revision
(n:2-24)
14 months
(13days - 8years)
AKA -
Fig. 1 illustrates the chronological sequence of events for the 11 patients having undergone AKA in the context of PJI. * 9 early/acute, 2 chronic/
delayed PJI

caused by Candida albicans. A complete list of the iden-
tified microorganisms is provided in Table 3. No associa-
tion between mono- versus polymicrobial infections and
type of index procedure was found, neither between anti-
biotic resistance pattern and index procedure. The small
number of pathogens did not allow for statistical analysis
of different species.

Implant / previous surgery related factors

Analysis of factors regarding the type of implant, previ-
ous surgeries, and the displayed aspects of treatment did
not yield any significant results.

Revisions and reoperations

As outlined in Table 4, the AKA patients underwent a
median of eight (range 2-24) surgeries, involving four
(range 1-12) superficial reoperations or washouts and
four (range 1-13) major revisions, while the LS patients
underwent a median of five (range 2-15) surgeries,
involving two (range 1-6) minor reoperations and three
(1-9) major revisions. The AKA group tended to have
more minor reoperations (p=0.061).

Eleven cases of PJI treated with AKA

Figure 1 shows the chronological sequence of events
for the 11 examined amputees. A median of 31 months
(range 1.5months — 13years) passed between total knee

arthroplasty (TKA) and diagnosis of PJI. From time of
start of treatment at our institution - marked by the first
revision surgery - until AKA, time spans of 13days up
to 8years went by. During this time most patients had
to undergo multiple surgeries (median 8, range 2-24).
Time between TKA and AKA was a median of 73 months
(range 2.5months — 13years).The mean age at amputa-
tion was 67.4+ 14.3 years. There were six females and five
males. Case eight and eleven are the same person; this
patient eventually underwent bilateral AKA in the pres-
ence of knee PJI.

As illustrated in Table 5, almost all patients suffered
from multiple comorbidities and immunosuppressive
conditions such as diabetes, morbid obesity, chronic pul-
monary and cardiovascular diseases, and recurrent infec-
tions. Three (8, 10, 11) suffered from rheumatoid arthritis
or chronic arthralgia with long-term treatment with
steroids and/or disease-modifying antirheumatic drugs.
One patient (3) had been diagnosed with myelodysplas-
tic syndrome shortly after implantation of TKA and had
therefore been placed under immunosuppressants. One
patient (7) was a polytoxicomaniac with chronic hepatitis
B/C as well as infection with human immune deficiency
virus (HIV). Absence of systemic diseases was observed
in only one case (4); this patient, however, had previously
received a megaprosthesis with interpolated gastroc—/
soleus-flap for a Gustilo 3C [27] open tibial plateau
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fracture. He was also one of two patients with docu-
mented alcohol abuse.Regarding the type of infection,
nine cases were classified as early or acute PJI and two as
chronic or delayed PJI. All patients were anemic at time
of admission to hospital with a mean hemoglobin level of
97.3£15.1g/dl. Four PJI were polymicrobial, three were
caused by Staphylococci (2 coagulase negative Staphy-
lococci (CNS), 18. aureus), two by Streptococci, one by
anaerobic bacteria and one by C. albicans. The latter was
found in the aforementioned patient with HIV.

Patients underwent between 2 and 24 surgeries in
total. Three cases went directly on to AKA. In five cases
the initial treatment strategy consisted of DAIR, in three
cases of staged revision arthroplasty. The respective indi-
cation for amputation was uncontrollable local and/or
systemic infection, often in combination with mechanical
problems such as insufficient bone stock or chronic dis-
location, or with concomitant direct influencing factors
such as peripheral arterial occlusive disease (PAOD). In
each individual case, AKA was considered as a last resort.

Discussion

With the ageing of society as well as the advances of
modern medicine and modern orthopedics, the volume
of joint replacements that are performed has risen tre-
mendously and will continue to increase [28, 29]. Inevi-
tably, the number of complications to treat will augment
simultaneously. PJI is one of the most common complica-
tions necessitating re-intervention and is associated with
high morbidity and mortality. A recently published arti-
cle by Kurtz et al. found PJI to be associated with a 5-year
overall survival of only 71.7% for the knee, and 67.2% for
the hip, respectively, putting PJI in the second leading
place overall in terms of mortality rate, surpassed only by
cancer [1].

Treatment of PJI aims to eradicate the infection while
salvaging life and limb. In very few cases, though, therapy
may fail in spite of adequate intervention, which in most
cases comprises (staged) revision arthroplasty alongside
pathogen-directed antibiotic coverage. In this event, the
otherwise in the context of trauma applied principle of
“life before limb” may have to be extended to the situa-
tion of PJI and infection control by addressing the source
of infection via AKA may have to be considered. George
et al. [30] recently published that the incidence of AKA
related to PJI in the USA almost quadrupled between
1998 and 2013. Notably, AKA in this context multiplies
mortality [15, 31]. Furthermore, low functional status
has to be anticipated with at best half of the surviving
patients reaching the ability to walk [14, 15].

As a university hospital providing subspecialized ortho-
pedic tertiary care we often treat complex patients both
in the context of primary arthroplasty but also in revision
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and referral situations. This may explain the fact that our
amputation rate in PJI cases has been higher than previ-
ously reported [13]. In each individual case, the indica-
tion for AKA in this context was made as a last resort and
after interdisciplinary consultation and discussion with
the patient and/or their family. In view of the subject
matter’s grave implications and its relevance to a growing
number of patients, this study was conducted with the
objective to find out whether or not there are patient- or
treatment-associated elements that would indicate those
patients at risk of ending up with AKA. And if so: are
these elements accessible to treatment or could their rec-
ognition otherwise change our medical decision-making?

Previously published literature concentrated on iden-
tifying variables that are commonly associated with the
development of PJI. Several comorbidities have been
found linked to PJI, i.e. chronic cardiovascular, pulmo-
nary and renal conditions, preoperative anemia, diabetes,
depression and psychoses, obesity, rheumatologic dis-
ease, metastatic tumor, male gender, and higher comor-
bidity scores [1, 19, 32], but also the exposure to previous
surgery [33]. Furthermore, measures such as antibiotic
prophylaxis, surgical site preparation and operating room
environment, improved control of post-operative glycae-
mia, appropriate management of malnutrition, preopera-
tive anemia, and smoking cessation have been proven to
minimize risk of PJI [1, 3, 19, 34]. Nevertheless, PJI can-
not always be avoided and we then find ourselves hav-
ing to treat complex patients presenting this challenging
complication. Using the earlier mentioned protocols,
treatment is in most cases successful. Publications con-
cerning risk factors for PJI treatment failure, and spe-
cifically influencing factors of AKA in the context of PJI,
are sparse. Kurtz et al. identified male gender, heart dis-
ease and higher Charlson comorbidity index as the most
strongly associated patient related factors with PJI treat-
ment failure [1]. Son and colleagues’ results overlapped
partially with these findings. Yet, his group proposed that
economical motives, region of residence, as well as surgi-
cal volume of the respective institution further played a
role [13].

This study demonstrates that there were few patients
with minimal comorbidities who ended up with ampu-
tation. Comparative analysis of the distribution of ASA
scores yielded significant results in this respect. Due to
the paucity of cases, however, the absolute reliability
of our figures must be regarded with caution. For rea-
sons of statistical feasibility we looked particularly at
all cases classed ASA 2 and 3 — in other words patients
with mild systemic disease without functional limita-
tions and patients with severe systemic disease present-
ing functional limitations. While only one out of 27 ASA
2 patients failed limb salvage (4%), 10 out of 36 ASA 3
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patients (28%) did. According to odds ratio ASA 3
patients were almost 12 times more likely to experience
AKA than the rest. Comparison of the distribution of
ASA scores between the AKA and the LS subgroup using
Pearson Chi-square test was also significant (p =0.009).
Notably, no statistic difference was found when using the
Charlson comorbidity index, another tool that is com-
monly used for risk stratification in orthopedic surgery
[13, 25, 35, 36]. While the discrepancy of our results
concerning ASA and Charlson score was somewhat sur-
prising, we learned that other authors have made similar
observations. Various researchers have stated that the
ASA system may be a better predictor for adverse events
than the Charlson score [37, 38] which, despite its for-
mulaic collection of number and severity of conditions,
seems to lack clinical applicability.

Alcohol abuse was identified as an additional statisti-
cally significant variable. While this seems logical, the
validity of this finding may be questioned due to the low
number of patients. For the same reason — lack of statisti-
cal validity - an analysis of the individual conditions sum-
marized in the above-mentioned scores was not carried
out.

Within our patient collective, 100% of AKA cases were
anemic at time of admission to hospital for treatment of
PJI, whereas only 58% of the LS patients (p=0.022) pre-
sented hemoglobin parameters inferior to the threshold
values defined by the World Health Organization (WHO)
which are 120g/dl for women and 130g/dl for men
[26]. The average hemoglobin was 99.94+15.1g/dl in the
amputees, as opposed to 118.2+19.9g/dl in the controls
(p=0.011). Etiologically, we assume anemia of chronic
disease to be the most common type of anemia amongst
the studied patient collective. This assumption applies
with regard to both groups. Differentiated laboratory
testing for sub-diagnosis of anemia was not performed. A
correlation to the duration of symptoms of infection was
not demonstrated and the duration of symptoms did not
significantly differ between the two groups. Notably, pre-
operative anemia has previously been found to increase
the risk to develop PJI in patients undergoing total joint
replacement [39]. Subsequently, a 2017 study by Lu et al.
demonstrated - by means of a multivariate regression
model directed to evaluate the effect of anemia in the
context of septic revision surgery - that anemia was asso-
ciated with an increased risk of complications, amongst
them persistence of local deep infection, sepsis and septic
shock [40]. As described above, treatment of these septic
complications may, in turn, sometimes necessitate AKA
in order to eliminate the primary infection site. Thus,
our study illustrates one of the possible consequences
of Lu’s findings and thereby underpins his conclusion to
regard preoperative anemia as an important clinical risk
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factor in patients with PJI. We deduce that early recog-
nition of the problem will allow for timely introduction
of adequate causative treatments such as supplementa-
tion of vitamins, iron, or erythropoietin, amelioration
of comorbidities that are commonly associated with
anemia, and/or allogeneic blood transfusions [41]. Nev-
ertheless, at this point we can neither imply that better
pre- and perioperative blood management would have a
positive impact on the outcome, nor that non-responding
to treatment of anemia in patients with PJI could be an
indicator of limb salvage failure.

On a qualitative level, it should be remarked that some
of the amputees presented circumstances of sorts that
may have rendered them particularly prone to infectious
complications. Immunosuppression, as a consequence
of disease and/or immunosuppressive therapy was,
whilst no specific scoring was applied, widely observed
amongst the AKA patients. Named by way of example,
there was a polytoxicomaniac with HIV and hepatitis
A/B/C in whom a monomicrobial PJI caused by C. albi-
cans was diagnosed. As has been found, drug abuse is
a predisposing factor for fungal PJI [42]. Moreover, as
we have previously published, patients with illicit drug
abuse and concomitant HIV and/or hepatitis present a
catastrophic incidence of AKA and arthrodesis in case of
knee PJI [43]. Several other patients were severely immu-
nocompromized, one of which acutely with myelodys-
plastic syndrome which was diagnosed shortly after TKA
implantation, and was treated by Azacitidine and steroids
(3). By the time of presentation at our institution, this
patient was septic and his infection had extensively dis-
seminated from the prosthetic knee joint into the soft tis-
sues of the lower leg leading to non-vital musculature and
thus the impossibility of local infection control. Speaking
of which, the importance of the integrity of the periar-
ticular soft tissues in the context of knee joint replace-
ment and treatment of PJI has been reported before;
regarding this subject, authors have described poor
wound conditions, preexisting scars or dystrophic skin as
relevant risk factors for potentially devastating complica-
tions including the need for amputation [44, 45]. In our
patient cohort, case 4, a young patient, who had initially
received primary plastic reconstruction simultaneously
with the implantation of a megaprothesis for treatment of
an open fracture, and who continued to have bad soft tis-
sue conditions, exemplifies this.

With respect to additional surgeries, we found that
the frequency differed between AKA and LS patients.
Statistical analysis showed a trend towards an elevated
number of minor reoperations involving the skin and
subcutaneous layer in the AKA group. Furthermore,
we observed that the majority of the amputees had
to endure an unreasonable seeming total number of
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surgeries - a median of eight, but up to 24 in one case.
Five of them started out with an attempt of implant
retention (DAIR) that later failed. In retrospect, the
burden of first having to bear such a high number of
surgeries in conjunction with intravenous antibiotic
therapy in a hospital environment, and to then none-
theless having to undergo AKA, an intervention asso-
ciated with a 1-year mortality of at least 50 to 60%
[15-17, 31], seems very high. Our observations also
prompt the consideration of whether DAIR is an ade-
quate strategy for patients with severe comorbidities
and immunocompromise, even in case of acute PJL
Such patients may be candidates for being assigned
to the staged revision arthroplasty route of treatment,
regardless of the reported symptom duration. Moti-
vated by both this formal investigation and our clinical
experience, we henceforth consider the idea of AKA as
a sort of definite treatment option at an earlier stage.
Along the same lines, Khanna et al., who have assessed
patient satisfaction following AKA for chronically
infected TKA, recommended discussing the option of
AKA after a maximum of six surgeries. His group had
found a high percentage of satisfaction among their
seven amputees; six of which would have chosen to
have the amputation sooner, given the choice [18].

This study has a number of limitations. Firstly, the
study population is relatively small and heterogene-
ous, while the amount of examined influencing factors
is vast. This is, on the one hand, due to the fact that the
prevalence of AKA for treatment of PJI remains a rarity
despite its aforementioned increase. On the other hand,
the inclusion of a large spectrum of parameters was
indispensible by reason of the complexity of the affected
patients. While statistic significance and trend should
therefore be viewed with some reservation, our numeric
results appear nonetheless corresponding to clinical
observations, clinical experience and common sense.
Beyond statistics, we were also able to offer detailed
qualitative clinical information and laboratory results.
Consequently, we consider our results valuable to future
treatment of PJI patients. A multi-center study with a
larger study population could allow for confirmation of
our conclusions. Secondly, we were not able to enclose
the entirety of patients treated for PJI at our institution
during the examination period due to incomplete patient
records in the earlier years. While we included AKA from
2005 to 2015, the LS control group consisted of patients
from 2009 to 2015. Hence, no prevalence of success-
ful revision TKA, versus joint fusion, versus AKA was
recordable. Thirdly, as a result of the study’s retrospective
nature, the accuracy of our data is limited to the infor-
mation recovered from the institution’s medical records.
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Fourthly, no outcome scores for either patient group are
available at present.

Conclusion

Factors potentially influencing the outcome of knee
PJT are diverse. Our analysis suggests that presence of
severe comorbidities and immunosuppressive condi-
tions, alcohol abuse, and preoperative anemia may
increase the risk of PJI treatment failure resulting in
the only available treatment option being amputa-
tion. Regarding clinical practice we draw the following
conclusions:

First, we constitute that patients being investigated
for suspicion of PJI, especially those without urgent
indication for surgical intervention, should undergo
differentiated testing for anemia early in the diagnostic
process. Consequentially, preoperative causative treat-
ments and/or allogeneic blood transfusions for correc-
tion of anemia can be considered.

Second, we acknowledge that, in this study popu-
lation, almost all patients who ended up with AKA
suffered of severe systemic disease and functional limi-
tations, as represented by their ASA scores. Great value
should therefore be attributed to the anesthesiologist’s
preoperative evaluation of patients’ overall health. As
these severely ill patients (ASA > 3), especially those
with immunosuppressive conditions or long-term med-
ication, have high rates of treatment failure after DAIR,
consideration to proceed to staged revision procedures
should be made.
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